Thiamin, pyridoxin, niacin, and glycine have all been reported to act as growth factors for excised tomato roots grown in sterile culture. White (9) showed that, in basal medium plus thiamin, partial replacement of pyridoxin by glycine could be effected using any one of three different clones of excised roots. The degree to which glycine replaced pvridoxin varied with the different clones. Furthermore, it appears from photographs of the roots that basal medium plus pyridoxin and glycine gave a greater level of growth than was obtained in basal medium plus pyridoxin only. It was shown by the present author (1) that, after the requirement for thiamin was met, glycine plus niacin replaced pyridoxin using root cultures derived from either one of two inbred lines of tomato and their reciprocal crosses. The addition of glycine to basal medium plus thiamin and pyridoxin exerted an inhibitory effect with one of the parent strains and the hybrids but was, if anything, beneficial to growth of the other parent strain.
Thiamin, pyridoxin, niacin, and glycine have all been reported to act as growth factors for excised tomato roots grown in sterile culture. White (9) showed that, in basal medium plus thiamin, partial replacement of pyridoxin by glycine could be effected using any one of three different clones of excised roots. The degree to which glycine replaced pvridoxin varied with the different clones. Furthermore, it appears from photographs of the roots that basal medium plus pyridoxin and glycine gave a greater level of growth than was obtained in basal medium plus pyridoxin only. It was shown by the present author (1) that, after the requirement for thiamin was met, glycine plus niacin replaced pyridoxin using root cultures derived from either one of two inbred lines of tomato and their reciprocal crosses. The addition of glycine to basal medium plus thiamin and pyridoxin exerted an inhibitory effect with one of the parent strains and the hybrids but was, if anything, beneficial to growth of the other parent strain.
In view of the many functions exerted by components of vitamin B6 in co-enzymes (7) it is unlikely that all processes requiring vitamin B6 in excised tomato roots are eliminated when glycine (or glycine plus niacin) is used to replace pyridoxin. It is more probable that when this replacement of pyridoxin is effected, growth occurs either 1) because glycine plus niacin exerts a "sparing action" upon the amount of vitamin B6 synthesized by the roots or 2) because glycine and niacin are involved in the biosynthesis of vitamin B6. This latter possibility is of particular interest as no suggestions as to the pathway of this biosynthesis have been established (11) . Thus a detailed study of the replacement may be expected to yield information upon either the function, or the pathway of biosynthesis, of vitamin B6 in higher plant ma- terial.
Glycine, at least in part, replaced pyridoxin in the nutrition of the clone of excised tomato roots studied here. This paper describes other nutritive requirements and interrelationships of the clone. The object of the work was to obtain detailed information on the requirement of the clone for pyridoxin (or other components of vitamin B6), niacin or niacinamide and glycine.
MATERIALS AND MIETHODS
The clone of excised roots used as source of inocula for all experiments described here was derived from a single seed of an inbred line of Lycopersicon esculentum Mill. var. Red River. It is designated R5. The inorganic constituents of the basal medium used for maintenance of the clone and in experimental 1 Received November 10, 1953. media are as given by White (10) . Preliminary experiments showed that R5 could not be subcultured indefinitely in basal medium plus thiamin only. Addition of pyridoxin to basal medium plus thiamin permitted continuous subculture and further addition of niacin increased the level of growth. Sucrose supplied in the medium at a concentration of 1.5 % (2) was found to be more satisfactory than the 2.0 % as used by White (10) and others. The stock cultures of R5, therefore, were maintained in a medium containing the inorganic constituents as given by White (10) , sucrose at a concentration of 1.5 % and the growth factors thiamin, pyridoxin, and niacin at the concentrations given by White (10) for his standard medium.
All experimental media contained sucrose at a concentration of 1.5 %. Double distilled water, the second distillation being from Pyrex glass, was used for all media. The chemicals were the purest obtainable commercially and all glassware was Pyrex.
The passage lengths for stock cultures were four days for the segment passage and six days for the tip passage. Tips 10 mm in length were excised from 4-day-old segments, inoculated one tip per flask (125 ml Ehrlenmeyer) and incubated at 28 + 1.00 C in the dark. Each flask contained 50 ml of medium sterilized by autoclaving at 15 lbs. pressure for 15 minutes. All cultures were harvested on the sixth day after inoculation. In any one experiment the initial pH of the medium was adjusted, where necessary, so that the pH of each series was approximately the same and within the range 4.8 to 5.0. The method of estimating growth was as described previously (3) except that an estimate of lateral growth was obtained by recording the total lengths of the ten basal laterals on each root.
For convenience' sake the growth factors thiamin, pyridoxin, niacin, and glycine are referred to as T, P, N, and G respectively. Thus TP-medium is basal medium (inorganic salts plus sucrose) supplemented with thiamin and pyridoxin. Each treatment comprised twenty replicates. The experiment was repeated on a second occasion and gave results which were the same as those shown in figure 2 .
RESULTS

REPLACEMENT
Both niacin and niacinamide, at appropriat& concentration, resulted in a higher level of grbWtfi than occurred in TP-medium. figure 4 . The experiments showed that, in all media in which growth was limited by the level of pyridoxin, growth was stimulated by the addition of glycine at appropriate concentrations. At lower limiting levels of pyridoxin (P = 0.01, 0.1 of standard) growth was increased by the addition of glycine but it was not possible to detect a concentration of glycine at which the level of growth was equal to that obtained at the "optimal" pyridoxin concentration. At higher limiting levels of pyridoxin (0.15, 0.2 of standard) the addition of glycine gave growth equal to that obtained at the "optimal" pyridoxin concentration.
The number of laterals per root was, in general, correlated with the length of the main axis. There were, however, three marked exceptions to this result. Thus, in a medium containing 0.8 of standard pyridoxin, increasing the concentration of glycine from 0.1 to 0.2 of standard gave, if anything, a slight increase in the length of the main axis but a marked decrease in the number of laterals. At a lower concentration of pyridoxin (0.2 of standard), an increase in the concentration of glycine from 0.2 to 1.0 times standard gave no significant increase in length of the main axis but a marked increase in the number of laterals. This effect was also observed with a concentration of pyridoxin at 0.3 of standard when the concentration of glycine was increased from 0.01 to 0.1 times standard.
The small decrease in length of the main axis obtained on increasing the concentration of pyridoxin from 0. noted in three separate experiments. A further increase in pyridoxin concentration up to 10.0 times standard showed no significant effect on growth. At low concentrations of pyridoxin (= < 0.3 of standard) glycine was inhibitory at 5.0 times standard concentration. At higher concentrations of pyridoxin (1.0 times standard) glycine was inhibitory at 10.0 times standard concentration. Figure 5 shows the results of an experiment designed to test the effect of a high concentration of glycine at two levels of pyridoxin, 1.0 and 6.0 times standard.
The inhibitory effect of glycine was much more marked on the growth of the laterals than on the main axis. The degree of inhibition of growth of the laterals was the same with either high or low pyridoxin. However, the effect on growth of the main axis showed that inhibition due to a high concentration of glycine in the TPNG-medium was increased by raising the level of pyridoxin to a level which itself was not inhibitory. DISCUSSION The clone of excised tomato roots (R5) studied here was found to require thiamin, pyridoxin, and niacin for "optimal" growth although the clone could be maintained in basal medium plus thiamin and pyridoxin. The addition of niacin to this latter medium produced a slight increase in growth of the main axis and a big increase in growth of the lateral roots. Pyridoxin could be replaced by either pyridoxal or pyridoxamine. Niacin could be replaced by niacinamide. The nutritive requirements of micro-organisms for, and the metabolic functions of, these substances are ably reviewed elsewhere (7, 11) . The thiamin, pyridoxin, and niacin could be used which gave "optimal" growth of the main axis but very little growth of the laterals. At such a limiting level of pyridoxin, the addition of glycine increased growth of the laterals to that obtained with the "optimal" concentration of pyridoxin (see fig 4) . An opposite effect was obtained at very low levels of pyridoxin. Thus a comparison of control media (thiamin plus pyridoxin and niacin) containing pyridoxin at concentrations of 0.15 and 0.2 times standard shows that whereas concentration 0.2 times standard gave a greater length of the main axis, the length of the laterals was less than in 0.15 of standard. This effect due to increased pyridoxin concentration was also produced by the addition of glycine to a medium containing 0.15 of standard pyridoxin (see fig 4) . Vitamin B6 is known to be involved in the condensation of indole and serine to form tryptophane (8) which is a precursor of niacin in the rat and Neurospora (4). There is also some evidence that glycine may be formed by transamination between some unknown amino acid and glyoxylic acid (6, 5) . It can be expected that vitamin B6 will form part of the coenzyme in this transamination. Thus a supply of either glycine or niacin might be expected to exert a "sparing" action upon the vitamin B6 synthesized by the root. The degree of stimulation obtained on adding niacin to the basal medium plus thiamin and glycine is such that, if niacin is exerting a "sparing" action, niacin would not be expected to increase growth appreciably in the absence of vitamin B6 or substances exerting a sufficient "sparing" action on vitamin B6. It has been shown elsewhere (1, and unpublished results) that niacin added to the basal medium plus thiamin failed to produce "normal" roots although there was a slight increase in growth of the laterals and some roots could be subcultured. It should be noted that the stimulation of growth, particularly of lateral growtth, on the addition of niacin to the thiamin-pyri(loxin medium indicates that niacin may exert an effect on growth which is not due to any "sparing" action on vitamin B6.
It is evidlent that the data obtained so far on the replacement of pyridoxin by glycine, on the synergistic effect of glycine plus niacin in basal medium plus glycine and niacin, Ind the synergistic effect of glycine plus l)yridoxin in basal imedium plus thiamin, pyridloxin, niacin, an(d glycine, denmonstrate a connection between vitamin B6 and glycine or niacin in the clone of excise(l tom11ato roots studied here. The metabolic basis of this connection is being examined 1w-ainalytical and fturther nutritional studies.
SUNIMARY
The clone of excised tomato roots studiecl here requires thiamin, pyridoxin, and niacin for "optimal" growth but can be imiaintained in a medium supplementecl only with thiamin and pyridoxin. Pyridoxin was replaceable by pvridoxal or pyridoxamine. The order of activity was pyridoxal > pyridoxin > pyridoxamine. Niacin was replaceable by niacinamide. Niacinamidle wa(1s, in general, the more active.
Pv-ridoxin could be replaced in part by glycine.
This replacement was greater in the presence than in the absence of niacin. In basal medium plus thiamin, pvridoxin, and niacin, the addition of glycine at certain concentrations of pyridoxin increased level of growth to that obtained with "optimal" concentration of pyridoxin.
AMorphogenetic effects of glycine and pyridoxin were similar although glycine appeared to exert an independent effect upon the initiation of laterals. Root morphology was controlled by the balance of growth factors supplied in the medium.
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